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Description 

FIELD OF THE INVENTION 

This Invention relates generally todirectronal drilling 
with a tool string that is suspended in the borehole on 
coiled tubing, and particularly to a downhole adjustable 
orienting tool that is included in the drilling tool string 
and used to orient the bent housing thereof in a manner 
such that the azimuth of the borehole can be controlled. 

BACKGROUND OF THE INVENTION 

Typical directional drilling procedures occasionally 
require that the drill string be turned at the surface in 
order to generate torque at the bottom thereof which will 
orient the bent housing in a manner so that the bit Is 
steered azimuthally. The transmission of such torque 
can be done when a conventional drill pipe string is 
used, since it is quite rigid. An attractive alternative to 
drill pipe is coiled tubing which has been used in the past 
primarily in connection with well workover and repair op- 
erations, as well as stimulation. Coiled tubing has a rel- 
atively small size in the range of 3/4 - 2 7/8 inch» and a 
thin wall section of about 5/32 inch, which makes it flex- 
ible to the extent that many thousands of feet can be 
wound on a reel having a relatively small diameter in the 
order of 9-10 feel. Coiled tubing has the advantage over 
conventional drill pipe in that it can be run into and out 
of a well very quickly since there are no threaded joint 
connections to make up or break out, and the absence 
of threaded connectbns enables coiled tubing to be run 
while under pressure and while fluids are being pumped 
through it. However, coiled tubing has not heretofore 
been widely used to run a directional drilling tool string 
for the principal reason that it is not possible to rotate 
coiled tubing at the surface to accomplish steering, on 
account of its storage on the reeL Thus, it was thought 
that there was no effective way to steer the bit if coiled 
tubing is used as the running string. 

/Vn early apparatus for coiled tubing drilling is dis- 
closed in U.S. Patent No. 4,51 2.422. This apparatus uti- 
lizes gripping plates to lock a drive motor in the assem- 
bly against rotatbn in the borehole, thereby providing a 
platform for directional control permitting lateral drilling 
from a substantially vertical borehole. The gripping 
plates also act as a torque arrestor for vertk:al drilling. 
U.K. Patent Application GB-2 026 063 A discloses a 
crank connector for directional drilling comprising upper 
and lower tubular members which are relatively rotata- 
bte and form an adjustable bend angle. This apparatus 
is unsuitable for drilling operations with coiled tubing 
since it requires the drill string to be rotated from the 
surface in order to orient the bend angle without chang- 
ing its magnitude. 

It has been recognized that when a downhole motor 
is rotating the bit on bottom while weight (WOB) is being 
applied thereto, a reactive torque in the counterckx:k- 



wise direction is applied to the housing of the motor, 
which includes the bent housing. The level of such coun- 
ter-torque is directly proportional to the weight-on-bit, 
and has its maximum level at motor stall. Such reactive 

5 torque, and the presence of a bend point in the bent 
housing, causes lateral forces to be applied to the bit 
which tend to change the direction of the borehole. How- 
ever, to control the direction, there must be a way to ori- 
ent the bend point about the axis of the borehole. As 

10 noted above, this is accomplished when using a con- 
ventk)nal drill pipe string by simply turning it at the sur- 
face. However, coiled tubing cannot be manipulated in 
this manner. The present invention provkies a means 
and method of orienting the bent housing and its bend 

IS point downhole, which enables a directbnal drilling tool 
string to be run on colled tubing. 

In accordance with this invention, the drilling tool 
string includes a downhole adjustable orienting sub by 
which the relative angular orientation of the bend point 

20 established by the bent housing can be changed, as 
needed, to cause the bit to drill at a certain heading. Var- 
iations in the weight of the coiled tubing that is applied 
to the bit can be used to vary the level ol the reactive 
torque and the resulting torsional wind-up angle of the 

2S bottom end of the coiled tubing, and also the lateral force 
on the bit, so that it will drill a borehole along a planned 
course. This drilling procedure also employs a measur- 
ing-while-drilling (MWD) tool that makes directional 
measurements and transmits signals representative 

30 thereof to the surface. Measurements are made of three 
orthogonal components of the earth's gravity f ieki, from 
which the inclination of the borehole can be determined, 
and three orthogonal components of the earth's mag- 
netic field from which azimuth of the borehole can be 

35 determined. These measurements, together will tool ge- 
ometry, also permits 'toolface* angle to be determined 
and displayed at the surface, abng with the inclinatk)n 
and azimuth values while drilling is in progress. As used 
herein, the term loolface' means the orientation angle 

40 of the bent housing or sub in the borehole with respect 
to a reference such as high side of the borehole whk:h 
indicates the directbn in which the borehole will be curv- 
ing. 

The general object of the present invention is to pro- 
^ vide a directional drilling tool string of the type described 
which is run on coiled tubing and whteh includes an ori- 
entation sub that can be adjusted downhole to fix the 
angular orientation of the bend point in the bent housing 
or sub with respect to the axis of the borehole so that 
so the direction of the borehole can be controlled. 

Another object of the present Inventbn is to provide 
a directk>nal drilling tool string of the type described 
where the bent housing can be oriented downhole to 
vairious angular positions, and where the amount of 
55 weight-on-bit can be varied to change the reactive 
torque and wind-up angle in a manner such that a direc- 
tional hole having a desired trajectory will be drilled. 
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SUMMARY OF THE INVENTION 

These and other objects are attained In accordance 
with the concepts of the present Invention through the 
provtsbn of a direction drilling tool string which is low- 
ered into the borehole at the lower end of coiled tubing 
which is wound off of and onto the reel of a coiled tubing 
unit at the surface. The tubing is injected into the top of 
the well through a stripper and a blowout preventer 
which provide pressure control. The tool string includes 
a bit. a mud motor having a bent housing, or a bent sub 
above the mud motor, an MWD tool or a wireline steering 
tool that measures inclination, azimuth and toolface an- 
gle and transmits signals representative thereof to the 
surface, and an orienting sub located above the MWD 
toot and attached to the lower end of the coiled tubing. 
The bent housing or sub provides a bend angle which 
causes the bit to drill along a curved path, and the ori- 
enting sub can be adjusted downhole to provide select- 
ed orientation angles of the bent housing or sub in the 
borehole. While drilling is in progress, the reactive 
torque on the bent housing, which produces a wind-up 
angle, varies with the amount of WOB and is opposed 
by the torsional spring effect of the lower end portion of 
the coiled tubing so that the bent housing will remain in 
a selected orientation. Where the borehole azimuth 
needs correction as indicated by the signals from the 
MWD tool, the weight-on -bit can be changed by surface 
manipulation of the coiled tubing to achieve the desired 
correction, or the orienting sub can be indexed to anoth- 
er position, or both. 

The orienting sub includes an angular indexing sys- 
tem that is adjusted downole, preferably in response to 
changes in the flow rate of the drilling mud that is being 
pumped down through thia coiled tubing to operate the 
motor. From a reference angular position for example, 
where the bend point defined in the bent housing is ad- 
jacent the low side of the borehole, so that the bit will 
tend to drill at the same azimuth while building inclina- 
tion angle, a plurality of index positions are available 
where the bend point is positioned at other selected an- 
gles with respect to such reference throughout 360'* of 
revolution. Thus the orienting tool can be indexed to 
achieve a certain general azimuthal heading, and a 
more precise heading achieved by varying the WOB. 
The MWD tool or wireline steering tool makes measure- 
ments from which the inclination and azimuth of the 
borehole adjacent the motor can be detenmined on a 
substantially continuous basis, as well as toolface an- 
gle, and transmits representative mud pulse or electrical 
signals to the surface so that the WOB and/or the angu- 
lar position of the orienting sub can be adjusted as drill- 
ing proceeds to keep the bit on a desired course. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention has other objects, features 
and advantages which will become more clearly appar- 



ent in connection with the following detailed description 
of a preferred embodiment, taken in conjunction with the 
appended drawings in which: 

Figure 1 is a schematic view of a direction drilling 
tool string suspended in a well bore on coiled tubing 
which is fed from the reel of a coiled tubing unit at 
the surface; 

Figure 2A-C are successive longitudinal sectional 
views, with some parts in skJe elevation, of the ori- 
enting tool of the present invention; 
Figure 3 is a developed plan view showing cam bod- 
ies and folbwers that are used in the apparatus 
shown in Figure 2 to achieve various orientation an- 
gles; 

Figure 4 is a schematic illustration of a directional 
drilling tool string being operated in a borehole; 
Figure 5 is a schematic diagram showing angular 
orientations of the bent point in a plane that is per- 
pendicular to the axis of the borehole; and 
Figures 6A and 6B are schematic illustrations of a 
borehole being drilled in accordance with the 
present invention. 



2S DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 
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Figure 1 illustrates schematically the drilling of a 
borehole 10 using a string of directional drilling tools in- 

50 dicated generally at 11 which is suspended In the bore- 
hole on coiled tubing 12. The tool string 11 includes a 
bit 13 that is rotated by a mud motor 14 in response to 
the flow of drilling mud under pressure whbh is pumped 
down the bore of the coiled tubing 12 and through the 

35 motor, out the jets of the bit 1 3, and back up to the sur- 
face through the annulus 15. The coiled tubing 12 is 
formed in a continuous length which is wound on the 
spool 9 of a coiled tubing unit 8 which is parked near the 
wellhead 5 at the surface. The coiled tubing 1 2 typk:ally 

40 is inserted into the top of the wellbore through a stripper 
6 and a blow-out preventer 4 by operation of an injector 
7. An additional advantage of using coiled tubing for di- 
rectional drilling is that the drilling can be done near or 
at underbatance conditions to achieve greater rates of 

4S penetration. The preventer 4 typically is bolted to a welt 
head 5 at the top of casing 3 that has been cemented 
in place so that it lines the upper part of the borehole 
10. The tool string 11 is shown being used to drill a sec- 
tion 16 of the borehole 10 below the lower end of the 

so casing 3. In an exemplary case, the casing 3 can have 
an outer diameter of 4V^ inches, while the drilling tool 
string 11 has an outer diameter of slightly over 3 inches. 
The coiled tubing 12 can have an outer diameter in the 
order of 1 3/4 inches. 

55 The tool string 11 is connected to the lower end of 
the coiled tubing 1 2 by varbus components including a 
coiled tubing connector 17, a pair of upwardly closing 
check or float valves IB. a quick-release sub 19, and a 
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cross-over sub 20. The check vatves 18 can be hinged 
flapper devices, and the release sub 19 can include a 
sleeve having an upwardly facing ball seat that is held 
by shear pins. To release the device 1 9 in the event the 
tool string 11 should become stuck in the borehole, a 
ball is circulated down the coiled tubing 12 until it en- 
gages the seat and allows the pins to be sheared by 
differential pressure forces. When the pins shear, the 
release sub 19 separates so that the coiled tubing 12 
can be removed from the well, and the tool string 11 later 
recovered by a fishing operatbn. 

The cross-over sub 20 has different types and/or 
sizes of threads on its opposite ends which allow con- 
nection to the threads on the upper end of an orienting 
tool 21 which is constructed in accordance with the 
present invention. The lower end of the orienting tool 21 
is attached to another cross-over sub 22 which connects 
to the upper end of a housing or collar 23 which Is made 
of a suitable nonnmagnetk: metal. An MWD tool 24 is 
mounted inside the collar 23. as shown in phantom lines. 
Although the MWD tool 24 can measure numerous 
downhole parameters and formation characteristkis, for 
purposes of this description the tool includes an accel- 
erometer package whk:h measures the inclination of the 
borehole with respect to vertk:al, and a magnetometer 
package that measures the azimuth of such inclination. 
These two measurements, hereinafter called directkxial 
measurements, can be converted from analog to digital 
or other fomi and then transmitted up to the surface in 
the form of mud pulses In the mud stream inside the 
coiled tubing 1 2. A surface pressure sensor (not shown) 
detects the signals and applies them to a signal proces- 
sor where the analog values of the directional measure- 
ments are reconstructed. The MWD tool 24 can operate 
on a substantially continuous basis so that downhole di- 
rectional parameters can be monitored at the surface at 
all times as the drilling proceeds. Although several types 
of MWD tools 24 could be used, one suitable tool is dis- 
closed and claimed tn comnoonly-owned U.S. Pat. No. 
4,914,637. A steering tool that is connected to the lower 
end of a wireline electrical cable which extends up 
through the coiled tubing 12 to the surface also can be 
used in lieu of, or in addition to, the MWD tool 24. 

The MWD collar 23 is connected to the upper end 
of the mud motor 14 by a universal orienting sub 25 
whteh Is well known per se. The motor 14 preferably Is 
a "MoynoMype positive displacement device which has 
a spiral ribbed rotor that rotates within a lobed stator, 
there usually being one less rib than bbe. When drilling 
mud is pumped through it, the rotor turns and drives an 
output shaft which is connected to its bwer end by a 
suitable universal joint. The drive shaft extends down 
through the bore of the bent housing 26 of the motor 14 
to where it drives the upper end of a spindle that is 
mounted in a bearing housing 27 and which has the drill 
bit 13 connected to its lower end. The bent housing 26 
has a lower section 28 which is connected at a bend 
angle e to its upper sectk)n 29 so as to provkie a bend 



point B. One ben! housing assembly 26 that can be used 
is adjusted at the surface to provide the desired bend 
angle 9, and is disclosed and claimed in U.S. Applicatbn 
S.N. 07/722,073. filed June 27. 1991. also assigned to 

5 the assignee of this tnventbn. On account of the bend 
angle 6 the drill bit 13 will tend to drill along a curved 
path having a radius that is related to the magnitude of 
the bend angle. 

In accordance with a principle feature of the present 

10 invention, the orienting tool 2 1 can be used to adjust the 
angular orlentatkx) of the bend point B about a bngitu- 
dtnal axis that is tangent to the cun^ed central axis of the 
borehole. Such angular adjustments, together with 
changes in the weight being applied to the bit 13 which 

75 produces resultant changes in bit torque, reactive 
torque and the wind-up angle on the coiled tubing string, 
are used to effect directional drilling of the borehole in 
a desired manner. As illustrated in Figures 2A-2C, the 
downhole adjustable orienting tool 21 includes an upper 

20 tubular housing 30 having its upper end connected by 
threads 32 to the upper sub 20. A mandrel assembly 34 
is nx)unted from reciprocating movement within the 
housing 30 between a upper position shown in Figure 
2A where an outwardly directed annular flange or piston 

2S 35 thereon is up against an intemal shoulder 36 which 
is provided by the lower end of the upper sub 20, and a 
lower position where downward movement is stopped 
as will be explained below. The piston 35 can be formed 
on a separate sleeve, as shown, which is threaded to 

30 the upper end of the mandrel 34 at 37. The piston 35 
carries an O-ring seal 38 which prevents fluid leakage, 
and additional O-rings 39.39* are used to prevent leak- 
age past the threads 37. An elongated spring means 
which can be a coiled power spring 40, or a stack of 

3S Bellville washers, surrounds the mandrel 34 and reacts 
between the downwardly facing surface 41 of the piston 
35 and an upwardly facing shoulder 42 provided by a 
ring 43 which is fixed with respect to the housing 30. A 
thrust being 44 can be positbned between the ring 43 

40 and a retainer 45 to facilitate rotation of the lower end 
of the spring 40 relative to the retainer 45 and to prevent 
spring-back. The spring 40 preferably is preloaded dur- 
ing assembly, that is, it has a relaxed length that is longer 
than shown in Figure 2A so that it is compressed some- 

45 vvhat and exerts upward force on the piston 35 in its up- 
per position. 

The retainer ring 45 rests on the upper end of an 
index sleeve 46. As shown in Figure 2B, the lower por- 
tion of the sleeve 46 has a plurality of longitudinal spline 

50 ribs 47 whfch are received by companfon intemal 
grooves 48 on the tower end portion of the housing 30 
to prevent relative rotation between these members. 
The tower end surface 50 of the index sleeve 46 engag- 
es a split bearing ring 51 whose outer portion rests on 

55 the upper end surface 52 of a lower sub 53 that is thread- 
ed at 54 to the lower end of the upper housing 30. Seal 
rings 55,55' prevent leakage through the threads 54. 
The elements 47, 48 and the bearing ring 51 fix the index 
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sleeve 46 within the upper housing 30. 

A lower tubular housing 56 extends up Into the lower 
end of the upper housing 30 and includes an upper sec- 
tion 57 that is siidably and rotatably coupled to the man- 
drel 34 by splines 58 and 58'. An external annular recess 
59 in the housing 56 receives the inner portion of the 
bearing ring 51. which allows relative rotation between 
the lower housing 56 and the upper housing 30, but 
which prevents relative longitudinal movement. Redun- 
dant seal rings 60,60* can be used to prevent fluid leak- 
age between the lower sub 53 and the lower housing 
56, and a wiper ring 61 is employed to prevent debris in 
the well fluids from contacting the seal 60*. The splines 
58 and 58' cause the lower housing 56 to rotate with the 
mandrel 34, while allowing relative longitudinal move- 
ment. As shown, the bending support length between 
approximately the upper end of the splines 56' and the 
wiper ring 611s at least one and one-half times and pref- 
erably as much as about four and one half times, the 
inner diameter of the lower sub 53 to prevent binding of 
parts in severely curved hole segments such as dog- 
legs. 

An indexing system indicated generally at 70 in Fig- 
ure 2B is used to cause the nnandrel 34, and thus the 
lower housing 56. to rotate through consecutive angu- 
larly spaced positions relative to the upper housing 30 
in response to cycles of upward and downward move- 
ments of the mandrel. As shown in developed plan view 
in Figure 3, the indexing system includes a plurality of 
circumferentially spaced, inwardly projecting lugs 71 
(only one shown) on the index sleeve 45 that cooperate 
with sets of cam bodies 72. 72* which are formed on the 
mandrel 34 at upper and lower levels thereon. Each lug 
71 preferably is generally rectangular to provide large 
drive areas on the sides thereof. Each of the upper cam 
bodies 72 has opposite side walls 73,74 and a down- 
wardly facing inclined wall 75. Each of the lower bodies 
72* also has opposite facing side walls 76,76' and an 
upwardly facing wall 77 that Inclines in a direction that 
Is opposite to the inclination of the wall 75 on an upper 
body 72, The side wall 74 of each upper body 72 pref- 
erably is longitudinally aligned with the side wall 76 of 
each lower body 72', so that the upper portion of the 
inclined wall 77 on the lower body 72' is directly below 
a longitudinal channel 78 that is formed by the angular 
separation between an adjacent pair of the upper cam 
bodies 72. I^reover, the channels 86 which are formed 
by the angular separation between adjacent lower cam 
bodies 72' have radial centeriines that are offset with 
respect to the lower edges 79 of the inclined walls 75. 
so that as the cam bodies 72 move relatively downward, 
the surfaces 75 engage the lugs 71 to cause rotation of 
the nriandrel 34. Each of the lugs 71 has an upper In- 
clined surface 80 whose Inclination matches the inclina- 
tion of the walls 75, and a lower inclined surface 81 
whose inclination matches the inclination of the walls 77. 
Thus arranged, upward longitudinal n^ovement of the 
mandrel 34 causes the inclined surfaces 77 on each 



lower cam body 72' to automatically engage a respec- 
tive lug 71 on the index sleeve 46, so that the mandrel 
is forced to rotate counterclockwise, as viewed from 
above, through a certain angle as the lugs 71 find their 

s way into the channels 86 as shown in phantom lines in 
Figure 3. Then as the mandrel 34 is shifted back to its 
tower position, the lower surfaces 75 of the upper cam 
bodies 72 automatically engage the inclined surfaces 80 
on the lugs 71 , and cause the mandrel 34 to again rotate 

10 counterclockwise through an additional angle until the 
lugs find their way into the channels 78 between the up- 
per cam bodies 72. The radial centeriines of the adja- 
cent upper channels 78 are formed at an angle in the 
range of from about 30" - 180'* and preferably at an an- 

'5 gie of about a 45" to one another, with each of the lower 
channels 86 being in between the upper channels. 
When the channels are at a 45" angular spacing, each 
increment of angular rotation of the nnandrel 34 during 
its upward movement Is 20", and during each downward 

20 iTK>vement It rotates an additfonal 25" in the same direc- 
tion for a total orientation angle change of 45". Each in- 
crement of rotation of the mandrel 34 is transmitted to 
the lower housing 56 by the splines 58,58' so that the 
lower housing 56 also rotates counterclockwise relative 

2S to the upper housing 30 through corresponding angles. 
When the mandrel 34 is in the bwer position, a tower 
set of inwardly directed splines 62 on the index sleeve 
46 engage in the channels 66 to provide additional drive 
surfaces. Engagement of the lower end surfaces 63 with 

30 the upper end surface 64 of the lower housing 56 stops 
downward movement of the mandrel 34. The axial 
length of each lug 71 , as shown in Figure 3, is greater 
than the axial spacing between the upper and lower cam 
bodies 71 ,71' so that there is no free-wheeling position 

35 In response to reactive torque. 

To cause the mandrel 34 to move downward against 
the bias of the power spring 40 from its upper position 
as shown in Figures 2A and 2B to its lower position 
shown in Figure 2C, a nozzle 85 is mounted in an inter- 

<o nal annular recess 86 in a sleeve 90 which is threaded 
onto the lower end of the mandrel. The nozzle 85 is held 
by a snap ring 87 so as to be readily replaceable, and 
can be a standard device used in a drill bit to form a jet. 
O-rings 88 and 88' prevent flukJ leakage. The diameter 

^ of the throat 89 of the nozzle 85 is much smaller than 
the seal diameter of the O-ring 38 on the mandrel piston 
35 so that when drilling mud is pumped downwardly 
through the mandrel at a selected rate, a pressure drop 
is created across the nozzle 85 which generates a rel- 

so atively large downward force on the mandrel. At a pre- 
determined normal flow rate that is used during drilling, 
this force predominates over the upward bias force of 
the spring 40 and hoWs the mandrel 34 in its lower po- 
sition where the spring is foreshortened, and where the 

ss lugs 71 on the sleeve 46 are in the upper channels 78 
between the cam bodies 72 as shown in solid lines in 
Fig. 3. If the rate of mud flow through the mandrel 34 is 
reduced by a selected amount, the bias of the power 
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spring 40 predominates and shifts the mandrel 34 to its 
upper position where the lugs 71 are in the channels 86 
between the lower cam bodies 72*. During such upward 
movement, the inclined surfaces 81 on the lugs 72 en- 
counter the inclined surfaces 77 on the lower cam bod- 
ies 72' and index the nnandrel 34 and the lower housing 
56 counterclockwise through an angle of 20*. The reac- 
tive torque, which also is in the counterclockwise direc- 
tion, assists in causing such rotation. Then as the mud 
flow Is increased to its normal drilling rate, the mandrel 
43 shifts back downward to position the lugs 71 In the 
upper channels 78. During such downward movement, 
the upper inclined surfaces 80 of the lugs 71 engage the 
inclined surfaces 75 on the upper cam bodies 72 and 
cause indexing of the mandrel 43 and the lower housing 
56 by an additional 25*, for a total of 45*. Again, such 
relative rotation is assisted by the reactive torque which 
also in the counterclockwise direction. Thus relative ro- 
tation through an angle of 45** occurs during each flow 
rate change cycle, and a total of eight cycles causes a 
total of 360* of relative rotation. Additional increments 
of rotation beyond 360* can be accomplished by addi- 
tional flow rate change cycles, and indeed the number 
of incremental angular movements is unlimited. Since 
the upper housing 30 and the tool string components 
thereabove are connected to the tower end of the coiled 
tubing 1 2, and since the lower housing 56 suspends the 
balance of the tool string components including the bent 
housing 26, each flow rate change cycle will cause 45* 
of rotation of the bent point B in the counterclockwise 
direction. The open throat of the nozzle 85 makes the 
orienting tool 21 compatible with certain wireline opera- 
tions, since a wireline cable can be run therethrough. 

The various internal spaces of the orienting tool 21 
between the mandrel 34 and the upper and lower hous- 
ings 30 and 56 are filled with a lubricating oil whose pres- 
sure is balanced with the pressure of the drilling mud 
below the tower end of the mandrel 34 by a floating pis- 
ton 93 which is movable in an annular chamber 94 which 
Is formed between the lower portkxi 95 of the lower 
housing 56 and the adjacent tower portion of the man- 
drel 34. The floating piston 93 carries inner and outer 
seal rings 98,99 to prevent leakage past it. As the man- 
drel 34 shifts upward and then back downward, the pis- 
ton 93 moves In the same directions and by the same 
distance relative to the lower housing 56, since the seal 
rings 99 and 38 preferably seal on the same diameter. 
The floating piston 93 serves to provide a separation be- 
tween the lubricating oil and the drilling mud which is 
present in the region 100 below it, and also serves to 
equalize the pressures of the lubricating oil with the mud 
pressures which exist in such regton. The presence of 
the oil between the mandrel 34 and the upper and lower 
housings 30 and 56 minimizes wear on the lugs 71 and 
the cam bodies 72, 72', the splines 58 and other rela- 
tively nx^lng parts, and prevent debris infiltration. 



OPERATION 

In operatton, the vartous components of the direc- 
tional drilling tool string 1 1 are assembled end-to-end as 

5 shown in Figure 1. and connected to the outer end of 
the coiled tubing 12 which is wound on the reel 9 of the 
unit 8. The bent housing 26 of the motor 14 is adjusted 
at the surface to provide a desired bend angle 0 whk:h 
will cause the borehole to he drilled along whatever ra- 

10 dius of cun^ature is needed for a particular sectton of the 
borehole. Usually the angle is between 3/4* and 2° for 
a medium or a long radius of curvature. The orienting 
tool 21 can be Initially in any relative angular positton 
within its range of settings. The MWD tool 24 is posi- 
es tioned inside the collar 23 so that substantially continu- 
ous measurements of hole direction and azimuth can be 
made and transmitted to the surface as drilling pro- 
ceeds. The drill bit 1 3 can be any suitable type such as 
a diamond bit or the like. 

20 The string is lowered into the well bore as the coiled 
tubing 1 2 is fed into the top of the well by the injector 7 
of the unit 8. Since there are no threaded joint connec- 
tions to be made up, the tool string 11 can be run very 
raptoly to near the bottom of the borehole 10. The con- 

2S tinuous nature of the coiled tubing 12 also permits it to 
be run into the well through the stripper 6 under pres- 
sure. With the bit 13 just off bottom, surface pumps are 
started to initiate mud circulation down through the 
coiled tubing 12, the mud motor 14 and out the jets of 

30 the bit 1 3. The mud is circulated at a rate which gives a 
desired rpm for the motor 14 and the bit 13. The MWD 
tool 24 will begin to transmit signals from which tnctina- 
tion and azimuth can be determined, as well as toolface 
angle which is a specialized presentation or display of 

35 the orientation of the bent housing or sub with respect 
to the high sides of the borehole. Adjustments can be 
made to achieve the proper heading by cycling the mud 
flow rate to operate the orientation sub 21. When the 
appropriate toolface angle, the string of drilling tools 11 

40 is lowered to cause the bit 1 3 to engage and begin to 
grind away the rock at the bottom of the borehole 10. A 
selected amount of the weight of the coiled tubing 12 is 
slacked-off on the bit 1 3 to achieve a desired rate of pen- 
etration. Alternatively, the orienting sub 21 can be actu- 

4S ated while the bit 1 3 is drilling on bottom. 

As shown schematically in Figure 4, as the bit 13 
turns in a clockwise direction on bottom, as indicated by 
the arrow 1 1 0, while a portion of the weight of the coiled 
tubing 1 2 is imposed upon it, a reactive torque in the 

so counterclockwise direction is applied to the bent hous- 
ing 26 of the motor 1 4 as shown by the arrow 111. The 
magnitude of the reactive torque 111 is directly propor- 
tional to the amount of weight that is applied to the bit 
13, and increases from a negligible amount when the bit 

55 first touches bottom to a maximum amount at stall of the 
motor 14. Since the oulernnost side 112 of the "elbow" 
of the bent housing 26 engages the side 1 1 3 of the bore- 
hole 10. the reactive torque 111 a the bent housing pro- 
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duces a lateral force in a leftward direction on the bit 1 3 
which tends to cause it to drill to the side as the hole is 
deepened. The reactive torque 111 is opposed by a right 
hand torque, indicated by the arrow 114, which is gen- 
erated by reaction at the bwer end of the coiled tubing 
12, which responds somewhat like a torsion spring. The 
net result is that the bend point B will remain oriented at 
whatever angle it has been positioned with respect to 
the low side of the borehole 10. 

Figure 5 shows schematically the various orienta- 
tion angles for the bend point B. As an example, a de- 
viated borehole 10 is shown with the lower side of the 
elbow of the bent housing 26 laying against the low side 
L of the hole, which for example is toward the South. 
The bend point is shown at Bo, so that the toolface angle 
is O**, or North. When the orienting sub 21 is indexed 
once, the bend point will rotate in the counterclockwise 
direction to B^ , so that the toolface angle becomes -45**. 
The other orientations of the bent point which are at- 
tained by successive operations of the orienting sub 21 
are shown as B2-B7. In each position, the toolface angle 
of the bit 1 3 will be displayed at the surface as an angle 
between 0' and +180' where the borehole will curve to 
the right, up or down; and between 0' and -180° where 
the borehole will curve to the left, up or down. In the Bq 
orientation, a lateral force is applied to the bit 1 3, and at 
the B^ orientation another lateral force is applied. The 
same thing occurs at each of the orientatbns. The mag- 
nitude of the lateral force in each orientatk)n is a function 
of the amount of weight that is applied to the bit 1 3, which 
controls the level of the bit torque, the reactive torque, 
and wind-up angle. 

In practice, if a northerly azimuth for the borehole 
10 is desired, the orienting sub 21 Is indexed by repeat- 
edly reducing and then increasing the mud flow rate until 
the bend point is at B7. which provides a positive tool- 
face angle that is somewhat to the right of the 0** refer- 
ence. Then as drilling is started, a level of WOB Is ap- 
plied which causes the reactive torque on the bent hous- 
ing 26 and the wind-up angle In the coiled tubing 12 to 
bring the toolface angle to a 0* heading. The signals 
from the MWD tool 24 which represent the azimuth and 
toolface angles will alnrK>st immediately inform the oper- 
ator at the surface whether the borehole 1 0 will proceed 
as planned, and if not. the WOB can be adjusted to 
change the bit torque, the reactive torque and the mag- 
nitude of the lateral force. The same procedures are fol- 
lowed for any orientation of the bend point BQ-B7. 

Figures 6A and 6B show schematically a simplified 
example of how a directional tx^rehole can be drilled 
through use of the present invention. Figure 6A shows 
a directional borehole as viewed looking down at it from 
the surface, and Figure SB shows the same borehole as 
it would appear from the right side thereof. To drill the 
section 102 which kicks off from the vertical at the point 
100 at or near the lx)ttom of the casing 3, a bend angle 
6 is established at the surface in the bent housing 26. 
whk:h will cause the section 102 to be drilled along a 



path having a radius R until it reaches point 103. At the 
beginning point 100, the bent housing 26 is oriented by 
the orienting sub 21 , and as measured by the MWD tool 
24 during circulation off bottom, such that the bend point 

s B is at position B^, or slightly to the right of a desired 
azimuth of NSO'^E. As the bit 1 3 begins to rotate on bot- 
tom, the WOB is adjusted so that the reactive torque 1 1 1 
produces a wind-up angle in the coiled tubing 12 which 
causes the borehole to be drilled along the desired az- 

10 imuth value of NSO'^E until it reaches the bwer end 1 03 
of section 102. At this point the inclination of the bore- 
hole on account of the bend angle has built up, for ex- 
ample, to 57^ off vertical as shown in Figure 6B. As 
viewed in Figure 6A, of course the section 102 of the 

IS borehole 10 appears to be straight, however Figure 6B 
illustrates its actual cun/ature. 

To then drill the borehole to a target point T, which 
is at a distal point that is below and to the left of point 
103, the lower section 104 of the hole must be curved 

20 somewhat to the left as the inclination angle continues 
to buiki up. To accomplish this, the WOB is increased to 
produce a correspondingly increased wind-up angle, 
which causes the bit 1 3 to drill to the left of its previous 
trajectory. Such leftward drift continues until the azimuth 

2S gradually changes to N70° as shown at point 1 05 in Fig- 
ure 6A, which is on the target point T. As shown in Figure 
6B. as the section 1 04 is drilled the inclination gradually 
buikls up from 57" to 82** which also causes the bore- 
hole to intersect the target point T. 

30 If either of the borehole sections 102 or 104 drifts 
off course as shown by the data transmitted uphole by 
the MWD tool 24, in addition to, or in lieu of, other re- 
medial steps, the orientation tool 21 can be indexed to 
another orientatkm angle by the steps of temporarily re- 

3S ducing and then increasing the mud flow rate. Such in- 
dexing will provide some different orientatbn of the bend 
point B as shown in Figure 5, that will enable the azimuth 
of the borehole to be brought back on course. Of course 
the sub 21 can be indexed all the way around past any 

<o initial setting to achieve other settings that will correct 
the azimuth to a desired value. The inclinatton and azi- 
muth values inform the driller as to the current directkxi 
of the borehole, and the toolface angle informs the driller 
which way the borehole should cun^e. 

^ it will now be apparent that new and improved di- 
rectional drilling procedures and tool string components 
have been disclosed. Although the present invention 
has been described as particularly applicable to direc- 
tional drilling on coiled tubing, the orienting sub could 

50 be used in a drilling tool string that is run on conventional 
pipe as an available means to accomplish steering of 
the bit, in addition to the steering that can be accom- 
plished by turning the pipe at the surface. The sub also 
couki be used to orient a jetting assembly that is used, 

BS for example, to destroy a casing shoe with abrasive-lad- 
en fluids. It also is within the scope of the present inven- 
tion for the cam bodies 72, 72 to be on the sleeve 46 
and the lugs 71 to be on the mandrel 34. 
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Claims 

1 . An orienting apparatus for use in a directional drill- 
ing tool string (11) that includes a mud motor (14) 
which drives a drill bit (1 3) and has a bent housing 
(26) that defines a bend point (B). said tool string 
(11) being suspended in a borehole (10) on coiled 
tubing (12). the apparatus comprising: an upper 
housing (30); a lower housing (56) rotatable with re- 
spect to said upper housing (30) about a common 
axis therewith; a mandrel (34) movable longitudinal- 
ly relative to said upper housing (30) and said bwer 
housing (56) between a lower position and an upper 
position; differential pressure responsive means 
(35) for shifting said mandrel (34) downward to said 
lower position; yieidable means (40) opposing said 
downward movement and causing upward move- 
ment of said mandrel (34) when said differential 
pressure Is reduced; and means (46) responsive to 
said upward and downward movements for chang- 
ing the orientation of said lower housing (56) rela- 
tive to said upper housing (30) by a selected angular 
amount. 

2. The apparatus of claim 1, wherein said changing 
means (46) comprises indexing means including 
lug means (71) fixed on said upper housing (30), 
and axially spaced upper and tower cam means (72, 
72') on said mandrel (34) cooperable with said lug 
means (71) during said upward and downward 
movements for producing a change in said angular 
orientation; and wherein said cam means (72, 72') 
includes helically inclined surfaces (75. 77) cooper- 
able with said lug means (71 ) for automatically tum- 
ing said mandrel (34) and said lower housing (56) 
relative to said upper housing (X) in the same ro- 
tational direction in response to said upward and 
downward movements. 

3. The apparatus of claim 2. wherein said upper and 
tower cam means (72, 72') include angularly spaced 
projections on the outer periphery of said mandrel 
(34) which define angularly spaced longitudinal 
channels (78) therebetween so that a predeter- 
mined number of said downward and upward OKsve- 
ments will revolve said mandrel (34) and said lower 
housing (56) through and beyond 360 degrees of 
rotation relative to said upper housing (30). 

4. The apparatus of any preceding claim, further In- 
cluding liquid-filled chamber means (94) formed be- 
tween said upper and lower housings (30, 56) and 
said mandrel (34); and floating piston means (93) 
for preventing drilling mud and debris from contam- 
inating said liquid and for equalizing the pressure of 
drilling mud flowing through said apparatus (21) 
with the liquid in said chamber means (94). 



5. The apparatus of any preceding claim, wherein said 
differential pressure responsive means (35) in- 
cludes a flow restriction in the bore of said mandrel 
(34) for creating a pressure drop due to the rate of 

s flow of drilling mud therethrough, said pressure 
drop generating pressure forces which act on said 
mandrel (34) to shift said mandrel (34) downward 
to said tower position; and wherein said yieidable 
means (40) includes spring means (40) reacting be- 

10 tween said mandrel (34) and said upper housing 
(30) and biasing said mandrel (34) toward said up- 
per position. 

6. The apparatus of any preceding claim, further in- 
eluding means (32) for connecting said upper hous- 
ing (30) to the lower end of said coiled tubing (12), 
and means (22) for connecting said lower housing 
member (56) to the upper end of a measuring-while- 
dri!lingtool(24). 

20 

7. A directional drilling too! string adapted to be sus- 
pended in a borehole (10) on coiled tubing (12), the 
tool string comprising: a drilling motor (14) operated 
by the flow of drilling mud therethrough for rotating 

25 a drill bit (1 3) at the tower end thereof, said drilling 
motor (14) including a bent housing (26) that de- 
fines a bend angle (0) and a bend point (B) which 
causes the bit (1 3) to drill along a directional path; 
and a downhole adjustable orienting sub (21) locat- 

30 ed in said tool string (11) above said motor (1 4), said 
sub (21 ) having first and second housing members 
(30, 56) which are relatively rotatable about a com- 
mon axis, one of said housing members (30) being 
connected to said coiled tubing (12) and the other 

35 of said housing members (56) being connected to 
said motor (14). and selectively operable means 
(71 , 72, 72') for changing the relative angular orien- 
tation of said housing members (30, 56) to control 
the azimuth of said directtonal path. 

40 

8. The tool string of claim 7, wherein said selectively 
operable means includes cam (72, 72') and follower 
(71) means responsive to longitudinal movement 
for indexing said other housing member (56) rela- 

^ tive to said one housing member (30) through a pre- 
determined angle of relative rotatton. 

9. The tool string of claim 8, wherein said selectively 
operable means (71, 72, 72') further Includes a 

50 mandrel (34) mounted in said housing members 
(30, 56) and carrying one of said cam (72, 72') and 
follower (71) means, said mandrel (34) being mov- 
able tongitudinally relative to both of sato housing 
members (30, 56) to cause said indexing and hav- 

ss ing flow restrictton means in the bore thereof, said 
restriction means being responsive tc a change in 
the flow rate of drilling fluids therethrough to effect 
longitudinal movement of said mandrel (34). 
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10. The tool string of claim 9, wherein said mandrel (34) 
moves downward in response to an Increase in said 
flow rate, and further Including resilient means (40) 
for moving said mandrel (34) upward as said flow 
rate Is reduced. 

11. The tool string of any one of claims 8 to 10, wherein 
said cam (72, 72') and follower (71 ) means is locat- 
ed in an enclosed chamber (94) that is filled with 
lubricating oil, and further including means (93) for 
balancing the pressure of said lubricating oil with 
the pressure in said other housing member (56) be* 
low said mandrel (34). 

12. A method of providing a selected angular orienta- 
tion in a borehole (10) of the bent housing (26) or 
sub that is operatively associated with a downhole 
drilling nriotor (14) which drives a drill bit (13) and 
which is suspended in the borehole (10) a string of 
coiled tubing (1 2), the method comprising the steps 
of: providing an orientation sub (21) having an up- 
per housing (30) that is connected to the colled tub- 
ing (12) and a lower housing (56) that Is connected 
to said nDOtor (14), said upper (30) and lower (56) 
housings being rotatable relative to one another 
from a first to a second angular position; rotationalty 
indexing said upper (30) and lower (56) housings 
relative to one another so that said lower housing 
(56) rotates to said second angular position; and us- 
ing the torque that Is applied to said orientation sub 
(21) as said bit (13) is rotated on bottom by said 
motor (1 4) to ensure complete rotation of said upper 
housing (30) to said second position. 

13. The method of claim 12, including repeating said 
indexing and using steps to cause said upper hous- 
ing (30) to rotate relative to said lower housing (56) 
to other relative angular positions, wherein each of 
said Indexing steps is carried out in response to 
changing the flow rate of fluids being pumped 
through said motor (14) via said coiled tubing (12). 

14. The method of claim 13, Including the further steps 
of measuring components of the earth's gravity and 
magnetic fields adjacent said motor (14). transmit- 
ting signals to the surface which are representative 
of such measuring; and determining from said sig- 
nals the inclination and azimuth of the borehole (10) 
and the toolface angle. 

15. A method of drilling a directional borehole using a 
downhole motor (14) that drives a drill bit (13), said 
motor (14) having a bent housing (26) and being 
suspended in said borehole (1 0) on a string of colled 
tubing (12). said bent housing (26) providing a bend 
angle (0) which defines a bend point (B) and which 
causes the bit (1 3) to drill abng a cun^ed trajectory, 
the method comprising the steps of: providing an 



orienting sub (21) above said motor (1 4) having rel- 
atively rotatable housing members (30. 56). one of 
said housing members (30) being connected to the 
bwer end of said coiled tubing (1 2) and the other of 

s said housing members (56) being connected to the 
upper end of said motor (1 4). indexing said orienting 
sub (21) to provide a selected angular orlentatbn 
of said one housing member (30) relative to said 
other housing member (56) and a corresponding 

10 orientation of said bend point (B) about the center 
of the borehole (10); and operating said nrtotor (1 4) 
while applying a selected amount of the weight of 
said coiled tubing (1 2) to said bit (1 3) which produc- 
es a reactive torque on said bent housing (26) and 

IS a lateral force on said bit (1 3). 

16. The method of claim 15. including the further step 
of varying the annount of said weight on said bit (1 3) 
in a manner that produces a change in the magni- 

20 tude of said reactive torque. 

17. The method of claim 15 or claim 16, including the 
further step of performing additional Indexing of said 
orienting sub (21) to obtain other selected angular 

2S orientations of said bend point (B) about said center 
of said borehole (10) to achieve different headings 
of said bit (13). 

18. The method of any one of claims 15 to 17, wherein 
30 said Indexing step is carried out by temporarily re- 
ducing and then increasing the flow rate of drilling 
fluids being pumped down said coiled tubing (12) 
and through said motor (14). 

3$ 1 9. The method of any one of claims 1 5 to 1 8, including 
the further steps of measuring components of the 
earth's gravity and magnetic fields In the borehole 
(10) adjacent said motor (14); transmitting signals 
to the surface which are representative of such 

40 components; and determining inclination and azi- 
muth of the borehole (10) from said signals, and 
toolface angle. 



^ Patentanspruche 

1. Orientien^orrlchtung fur Verwendung bei einem 
Bohnverkzeugstrang (11), der einen ein Bohrtjit 
(13) antreibenden SpOlungsnrwtor (14) umfaSt, der 

so ein einen Biegepunkt (B) definierendes Biegege- 
hause (26) aufweist. welcher Bohrstrang (11) in ei- 
nem Bohrloch (10) an Wickelrohr (12) aufgehangen 
ist, welche Vorrichtung umfaBl: Ein oberes Gehau- 
se (30), ein um eine gemeinsame Achse relativ zu 

ss dem oberen Gehause (30) rotierbares unteres Ge- 
hause (56), einen relativ zu dem oberen Gehause 
(30) und unteren Gehause (56) zwischen einer un- 
teren Position und einer oberen Position langsbe- 
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weglichen Dom (34), auf Druckdifferenz anspre- 
chende Mittel (35) f Or die Abwartsverschiebung des 
Doms (34) In die untere Position, der Abwartsbe- 
wegung entgegenwirkende nachgiebige Mittet (40). 
die eine Aufwartsbewegung des Doms (34) bewir- 
ken, wenn die Druckdifferenz reduzlert wird, und 
Mittel (46), die auf die Aufwarts- und Abwartsbewe- 
gung reagieren, um die Orientierung des unteren 
Gehauses (56) re lath/ zu dem oberen Gehause (30) 
um eine ausgewahlte WinkelgroQe zu andern. 

2. Vorrichtung nach Acispruch 1 , bei der die Ande- 
rungsmittel (46) Indexiermittel einschlieOtk^li an 
dem oberen Gehause (30) angebrachter Fortsatz- 
mittel (71) und axial beabstandeter oberer und un- 
terer Nockenmittel (72, 72') auf dem Dom (34), die 
mit den Fortsatzmittein (71) wahrend der Aufwarts- 
und Abwartsbewegungen zusammenwirken, um ei- 
ne Anderung der Winkelorientierung zu erzeugen, 
umfassen, und bei der die Nockenmittel (72, 72*) 
schraubenlinienfdrmig geneigte Oberflachen (75, 
77) umfassen, die mit den Fortsatzmittein (71) fur 
automatisches Drehen des Doms (34) und des un- 
teren Gehauses (56) relativ zu dem oberen Gehau- 
se (30) in demselben Drehsinn in Reaktion auf die 
Auf warts- und Abwartsbewegungen zusammenwir- 
ken. 

3. Vorrrchtung nach Anspruch 2, bei der die oberen 
und unteren Nockenmittel (72, 72') winkelbeabstan- 
dete Vorsprunge auf der au3eren Peripherie des 
Doms (34) umfassen, die wInkelbeabstarKtete 
Langskanale (78) zwischen einander begrenzen, 
so da8 eine vorbestimmie Anzahl von Abwarts- und 
Aufwartsbewegungen den Dorn (34) und das unte- 
re Gehause (56) durch und uber 360-Grad-Drehung 
hinaus relativ zu dem oberen Gehause (30) ver- 
dreht. 

4. Vorrk:htung nach einem der vorangehenden An- 
spruche, femer umfassend zwischen dem oberen 
und unteren Gehause (30, 56) und dem Dom (34) 
ausgebildete flQssigkeitsgefOllte Kammermittel 
(94); und schwimmende Kolbenmittet (93) fur das 
Verhindern der Kontaminierung der FIQssigkeit 
durch SpQIung und Bohrkiein und f Or Egalisierung 
des Drucks der BohrspQIung. die durch die Vorrrch- 
tung (21) mit FIQssigkeit in den Kammermitteln (94) 
stromt. 

5. Vorrrchtung nach eInem der vorangehenden An- 
spruche, bei der die auf Dmckdifferenz reagieren- 
den Mittel (35) eine Strdmungsverengung in der 
Bohnjng des Doms (34) zum Erzeugen eines 
Druckabfalts infolge der Durchstromungsrate der 
Spulung umfassen, welcher Druckabfal) auf den 
Dom (34) wirkende Druckkrafte fur die Abwartsver- 
schiebung des Doms (34) in die untere Position er- 



zeugen, und bei der die nachgiebigen Mittel (40) 
Federmittel (40) umfassen, die zwischen dem Dom 
(34) und dem oberen Gehause (30) wirken und den 
Dorn (34) in Richtung der oberen Position vorspan- 
5 nen. 

6. Vorrichtung nach einem der vorangehenden An- 
sprOche, femer unnfassend Mittel (32) fOr das Ver- 
binden des oberen Gehauses (30) mit dem unteren 
10 Ende des Wickelrohrs (12) und Mittel (22) fur das 
Verbinden des unteren Gehauses (56) mit dem obe- 
ren Ende eines Messen-beim-Abteufen-Gerats 
(24). 

IS 7. Rfchtbohnwerkzeugstrang, der In einem Bohrkxh 
(10) an Wickelrohr (12) aufhangbar ist, welcher 
Werkzeugstrang umfaBt: einen durch das Hin- 
durchstromen von BohrspQIung betatigbaren Bohr- 
motor (14) fQr das Drehen eines Bohrbits (13) an 

20 seinem unteren Ende. weteher Bohrmotor (14) ein 
gebogenes Gehause (26) umfaBt, das einen Biege- 
wlnkel (6) und einen Biegepunkt (B) definiert, wel- 
ches das Bit (1 3) veranlaBt, langs einer Richtstrek- 
ke zu bohren, und eine in dem Bohrstrang (1 1 ) Qber 

2S dem Motor ( 1 4) posrtionierte untertagige einstellba- 
re Orientierungsbaugruppe (21). die erste und 
zweite Gehauseelemente (30. 56) umfaBt, die um 
eine gemelnsame Achse relativ zueinander ver- 
drehbar sind, wobei eines der Gehauseelemente 

30 (30) mit dem Wickelrohr (12) und das andere Ge- 
hauseelement (56) mit dem Motor (14) verbunden 
sind^ und selektiv betatigbare Mittel (71 . 72, 72') f Or 
die Anderung der relativen Winkeforientierung der 
Gehauseelemente (30. 56) zum Steuem des Azi- 

35 muths der Richtstrecke. 

8. Werkzeugstrang nach Anspruch 7, bei dem selektiv 
betatigbare Mittet Nocken- (72. 72') und Nockenfol- 
germittel (71) umfassen, die auf Langsbewegung 
40 reagieren. urri das andere Gehauseetement (56) re- 
lativ zu dem einen Gehauseelement (30) durch ei- 
nen vorbesttmmten Winkel relativer Drehung zu in- 
dexieren. 

45 9. Werkzeugstrang nach Anspruch 8, bei dem die se- 
lektiv betatigbaren Mittel (71. 72, 72') femer einen 
in den Gehauseelementen (30, 56) montierten Dorn 
(34) umfassen, der eines der Nocken- (72, 72') und 
Nockenfolgermittel (71) tragt. weteher Dorn (34) 

so langsbeweglich relativ zu beiden Gehauseelemen- 
ten (30, 56) ist, umdas Indexleren zu bewirken, und 
der Strdmungsverengungsmlttel in seiner Bohrung 
aufweist. wetehe Verengungsmittel auf eine Ande- 
rung der Rate durchstromenden BohrflukJs reagie- 

ss ren, um Langsbewegung des Doms (34) zu bewir- 
ken. 

10. Werkzeugstrang nach Anspruch 9. bei dem der 
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Dom (34) sich in Reaktion auf eine VergroBerung 
der Stromungsrate abwarts bewegt. und f erner um- 
fassend nachgiebige Mittel (40) fur das Aufwarts- 
bewegen des Dorns (34) bei abnehmender Stro- 
mungsrate. 

11. Werkzeugstrang nach einem der Anspruche 8 bis 
10, bei dem die Nocken- (72, 72') und Nockentol- 
germlttel (71) sich in einer eingeschlossenen Kam- 
nrier (94) befinden, die mrt Schmierol gelQitt ist, und 
femer umfassend Mittel (93) fQr das Ausgleichen 
des Drucks des Schmierdls gegen den Druck in 
dem anderen Gehauseelement (56) unter dem 
Dom (34). 

12. Verfahren zum Bewirken einer ausgewahlten Win- 
kelorientierung in einem Bohrioch (10) des geboge- 
nen Gehauses (26) Oder der Baugruppe, die in 
Wirkzuordnung zu einem untertagigen, ein Bohrbit 
(1 3) antreibenden Bohrmotor (14) steht, das in dem 
Bohrioch (10) an einem Wickelrohrstrang (12) auf- 
gehangen ist, welches Verlahren die Schritte um- 
faQt: Bereitstellen einer Orientierungsbaugruppe 
(21) mit einem oberen Gehause (30), das mit dem 
Wickelrohr (12) verbunden ist, und einem mit dem 
Motor (14) verbundenen unteren Gehause (56), 
welche oberen (30) und unteren Gehause (56) re> 
lativ zueinander aus einer ersten In eine zweite Win- 
kelposition drehbarsind, drehendes tndexieren des 
oberen (30) und unteren (56) Gehauses relatlv zu- 
einander derart, daB das untere Gehause (56) in 
die zweite Winkelposition dreht, und Venvenden 
des Drehmoments, das auf die Orientierungsbau- 
gruppe (21 ) ausgeubt wird, wenn das Bit (1 3) an der 
Sohle durch den Motor (14) gedreht wird, urn voll- 
standige Orehung des oberen Gehauses (30) in die 
zweite Positbn sicherzustellen. 

1 3. Verfahren nach Anspnjch 1 2 einschlieBlich Wieder- 
holung des Indexier- und Venwendungsschritts, um 
das obere Gehause (30) zu veranlassen. relativ zu 
dem unteren Gehause (56) in andere relative Win- 
kelpositionen zu drehen, wobei jeder tndexierschritt 
in Reaktion auf Anderung der Strdmungsrate des 
Fluids ausgefOhrt wird, das Qber das Wickelrohr 
(12) durch den Motor (1 4) gepumpt wird. 

14. Verfahren nach Anspruch 13 einschlieGllch des 
weiteren Schritts der Messung von Komponenten 
der Erdschwerkraft und magnetischer Felder nahe 
dem Motor (14), Gbertragung von fQr solche Mes- 
sung reprdsentativen Signalen nach Qber Tage, und 
Bestimmung aus den Signalen der Inklination und 
des Azimuths des Bohrlochs (10) und des Werk- 
zeugfrontwinkels. 

15. Verfahren zum Abteufen eines Richtbohrtochs un- 
ter VenA/endung eines ein Bohrbit (1 3) antreibenden 



untertatigen Motors (14). der ein gebogenes Ge- 
hause (26) aufweist und In dem Bohrioch (10) an 
einem Wickelrohrstrang (12) auf gehangen ist, wel- 
ches gebogene Gehduse (26) einen Biegevifinkel 
s (6) vorsieht. der einen Biegepunkt (B) defintert und 
das Bit (13) veranlaBt, tangs einer gekrummten 
Bahn zu bohren, wetehes Verfahren die Schritte 
umfaOt: Vorsehen einer Orientierungsbaugruppe 
(21) obertialb des Motors (14) mil relatiwerdrehba- 
ren Gehauseelementen (30, 56), von denen eines 
(30) mit dem unteren Ende des Wickelrohrstrangs 
(12) und das andere (56) mit dem oberen Ende des 
Motors (14) verbunden sind, Indexieren der Orien- 
tierungsbaugruppe (21 ) zum Schaffen einer ausge- 
wahlten Winkelorientierung eines der Gehauseele- 
mente (30) relativ zu dem anderen Gehauseele- 
ment (56) und einer entsprechenden Orlentiarung 
des Biegepunktes (B) um das Zentrum des Bohr- 
kxhs (1 0), und Betreiben des Motors (14), wahrend 
ein ausgewahlter Anteil des Gewichts des Wickel- 
rohrs (1 2) auf das Bit (1 3) wirkt, was ein Reaktions- 
drehnrKHnent auf das gebogene Gehause (26) und 
eine seitliche Kraft auf das Bit (13) erzeugt. 

16. Verfahren nach Anspnich 15 eInschlieBlich des 
weiteren Schritts der Veranderung des Gewichts- 
anteils auf dem Bit (13) derart, daB eine Anderung 
der GroBe des Reaktkmsdrehmonrients erzeugt 
wird. 

17. Verfahren nach Anspruch 15 Oder 16 einschlieBlich 
des weiteren Schritts der AusfOhrung zusatzlicher 
Indexierschritte der Orientiemngsbaugruppe (21) 
zum Erhalten anderer ausgewahlter Winkelorien- 
tlerungen des Biegepunktes (B) um das Zentrum 
des Bohrlochs (10), um unterschiedliche Ziele des 
Bits (13) zu erretehen. 

18. Verfahren nach einem der AnsprOche 15 bis 17, bei 
dem der Indexierschritt durch zeitweilige Verringe- 
rung und nachfolgende VergroBerung der Stro- 
mungsrate von Bohrfluiden erzielt wird, die langs 
des Wickeirohrs (12) und durch den Motor (14) ge- 
pumpt werden. 

19. Verfahren nach einem der Anspruche 1 5 bis 1 8 ein- 
schlieBlich der weiteren Schritte des Messens von 
Komponenten der Erdschwerkraft und nrvagneti- 
scher Felder in dem Bohrioch (10) nahe dem Motor 
(14), Ubertragen von fur solche Komponenten re- 
prasentativen Signalen nach Qber Tage, und Be- 
stlmmen von Inklination und Azimuth des Bohrlochs 
(10) und des Werkzeugfrontwinkels aus den Signa* 
len. 
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Revendications 

1 . Appareil d'orientation destin6 k dtre utilise dans un 
train d'outillage (1 1 ) de forage directif prdsentant un 
moteur (14) ^ boues» qui entrafne un trypan de fo- 
rage (1 3) et comporte un boftier coudd (26) d^finis- 
sant un point de pitage (B), ledit train d'outillage (11 ) 
6\anX en suspension sur un tubage enroulS (12), 
dans un trou de forage (1 0). I'appareil comprenant : 
un bottler supdrieur (30) ; un botlier inf6rieur (56) 
pouvant toumer par rapport audit boTtier supdrieur 
(30), autour d'un axe commun k ce dernier ; un 
mandrin (34) mobile longitudinalement par rapport 
audit bottier sup6rieur (30) et audit boTtier inf6rieur 
(56), entre une position inf^rieure et une position 
sup^rieure ; des moyens (35) rdagissant k une 
pression diffdrentielle pour ddplacer ledit mandrin 
(34) vers le bas, jusqu*^ ladite posltton Infdrieure ; 
des moyens diastiques (40) s'opposant audit mou- 
vement descendant et provoquant un mouvement 
ascendant dudit mandrin (34) brsque ladite pres- 
sion diffdrentielte est rdduite ; et des moyens (46) 
rdaglssant auxdits mouvements ascendant et des- 
cendant pour faire varler, d*une valj3ur angulalre 
cholsie, {'orientation dudIt boTtler Inf6rleur (56) par 
rapport audit boTtler supdrleur (30). 

2. Apparel) selon la revendication 1. dans lequel les- 
dits moyens variateurs (46) comprennent des 
moyens d'indexage comportant des moyens k bar- 
rettes (71) fixds sur ledit bottier supdrieur (30), et 
des moyens superieurs et infdrieurs k cames (72, 
72') espac6s axialement sur ledit mandrin (34) et 
pouvant coopSrer avec lesdits nrtoyens k barrettes 
(71 ), au cours desdits mouvements ascendant et 
descendant, pourprovoquer une variation de ladite 
orientation angulalre; et dans lequel lesdits 
moyens k cames (72, 72*) pr^sentent des surfaces 
(75, 77) k incltnaison hdlicoTdale, pouvant coop6rer 
avec lesdits moyens k barrettes (71 ) pour faire lour- 
ner automatiquement ledit mandrin (34) et ledit bof- 
tier inf^rieur (56) par rapport audit boTtier supdrieur 
(30), dans la m§me direction de rotation, en r^pon- 
se auxdtts mouvements ascendant et descendant. 

3. Appareil selon la revendicatbn 2, dans lequel les- 
dits moyens superieurs et inf^rieurs k cames (72, 
72') pr^sentent des protuberances qui sont espa- 
c^es angulairement sur la periph^rie ext^rieure du- 
dit mandrin (34) et ddfinissent. entre eltes, des ca- 
naux longitudinaux (78) espacds angulairement. de 
telle sorte qu'un nombre pr6d6termin6 desdits n>ou- 
vements descendant et ascendant imprime audit 
mandrin (34) et audit boitier inf6rieur (56), par rap- 
port audit boTtier sup^rieur (30), une rotation de 360 
degrds et au-det^. 

4. Appareil selon une quelconque revendication pr6- 



c^dente. prdsentant en outre des nnoyens k cham- 
bre (94) emplie de tiquide, formes entre lesdits bot- 
tlers superieur et inf^rieur (30, 56) et ledit nriandrin 
(34) ; et des moyens k piston flottant (93) pour em- 
s pdcher des boues et poussidres de forage de 
souiller ledit liquide, et pour dtablir un dquilibre entre 
les pressions des boues de forage s'dcoutant k tra- 
vers ledit appareil (21 ). et du liquide situd dans les- 
dits moyens k chambre (94). 

10 

5. Appareil selon une quelconque revendication prd- 
cddente. dans lequel lesdits moyens (35) r^agis- 
sant k une pression difldrentielle comportent un 
etranglement de I'^coulement dans TalSsage dudit 

IS mandrin (34), afin d'engendrer une chute de pres- 
sion due au dSbit de boues de forage le parcourant, 
ladite chute de pression gdndrant des forces de 
pression qui agissent sur ledit mandrin (34) pour 66- 
placer ledit mandrin (34) vers le bas, jusqu'^ ladite 

20 position infdrieure ; et dans lequel lesdits moyens 
eiastiques (40) prdsentent des moyens k ressort 
(40) rSagissant entre ledit mandrin (34) et ledit bot- 
tler supdrleur (30)» et solllcitant ledit mandrin (34) 
vers ladite position sup6rleure. 

2S 

6. Appareil selon une quelconque revendication prd- 
c^dente, comportant en outre des moyens (32) pour 
raccorder ledit bottier supdrieur (30) k I'extrdmitd in- 
fdrieure dudit tubage enrould (12), et des moyens 

30 (22) pour raccorder ledit dl6ment in! drieur de boTtier 
(56) k fextrdmitd supdrieure d*un outil (24) de me- 
sure en cours de forage. 

7. Train d'outillage de forage directif, con^u pour dtre 
35 suspendu sur un tubage enrould (12) dans un trou 

de forage (10), ie train d'outillage comprenant : un 
moteur de forage (14) actlonnd par la circulation de 
boues de forage le parcourant, pour faire tourner un 
tr6pan de forage (13) k son extr6mit6 inf6rieure, le- 

40 dit moteur de forage (14) comportant un boitier cou- 
dd (26) qui ddfinit un angle de pliage (6) et un point 
de pliage (B) incitant le trypan (13) k forer le long 
d'une trajectoire directive ; et un sous-ensemble 
(21) d'orientation rdglable au fond du pults, place 

4S au-dessus dudit moteur (14) dans ledit train 
d'outillage (11), ledit sous-ensemble (21) compre- 
nant des premier et second elements de boitier (30, 
56) qui peuvent accomplir une rotation relative 
autour d'un axe commun, un premier (30) desdits 

50 elements de bottier etant raccorde audit tubage en- 
rouie (12) et I'autre (56) desdits elements de bottier 
etant raccorde audit moteur (14), et des moyens 
(71, 72, 72') actionnables s6Iectivement pour faire 
verier Porientation angulalre relative desdits eie- 

ss ments de botlier (30. 56). afin de conrvnander I'azi- 
mut da ladite trajectoire directive. 

8. Train d'outillage sebn la revendication 7. dans le- 
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que! lesdits moyens actionnabies sdlectivement 
comprennent des moyens h carries (72. 72') et des 
moyens suiveurs de cames (71) rdagissant k un 
mouvement longitudinal pour indexer ledit autre 
Sl^ment de tx>ltier (56), par rapport audit premier 
didment de bottler (30). seion un angle de rotation 
relative pr^d^termind. 

9. Train d'outlllage selon la revendication 8, dans le- 
quel lesdits moyens (71 , 72. 72') actionnabies s6- 
lectfvement pr^sentent, en outre, un mandrtn (34) 
mont6 dans lesdits dl^ments de boilier (30. 56) et 
portent Pun desdits moyens k cames (72, 72*) et 
moyens suiveurs de cames (71). ledit mandrin (34) 
Stant mobile longttudinalement par rapport auxdits 
deux 6l6ments de boitier (30, 56) pour provoquer 
ledit indexage, et comportant des moyens d'dtran- 
glement de I'^coulement dans son alSsage, lesdits 
moyens d*6tranglement r6agissant k une variation 
intervenant dans le ddbit de fluides de forage le par- 
courant, pour provoquer un mouvement longitudi- 
nal dudit mandrin (34). 

10. Train d'outlllage selon la revendication 9, dans le- 
quel ledit mandrin (34) se ddplace vers le bas en 

r6ponse h un accroissement dudit d6bit, et compor- 
tant en outre des moyens diastiques (40) pour 66- 
placer ledit mandrin (34) vers le haut lorsque ledit 
dSbit est r^duit. 

11. Train d'outlllage selon Tune quelconque des reven- 
dications 8^10, dans lequel lesdits moyens k ca- 
mes (72. 72') et suiveurs de cames (71 ) sont log6s 
dans une chambre confin^e (94) qui est emplie 
d'huile lubrifiante, et pr^sentant en outre des 
moyens (93) pour dtablir un ^uilibre entre la pres- 
sion de ladite hutle lubrifiante et la pression rdgnant 
dans ledit autre dl^ment de boitier (56), au-dessous 
dudit mandrin (34). 

12. Proc6d6 pour conf6rer, dans un trou de forage (10), 
une orientation angutaire choisie du boitier coudd 
(26) ou du sous-ensemble associ^ de fa^on opd- 
rante avec un moteur (14) de forage de fond de 
puits qui entratne un trypan de forage (13) et est 
suspendu, dans le trou de forage (1 0), k un train de 
tubage enrould (12), le procddd comprenant les 
stapes consistant k : pr^voir un sous-ensemble 
d'orientation (21) muni d'un boTtier sup6rieur (30) 
relid au tubage enrould (1 2), et d'un boTtier infdrieur 
(56) relid audit moteur (14), lesdits boTtters sup6- 
rleur (30) et infdrleur (56) pouvant tourner I'un par 
rapport k I'autre, d*une premidre k une seconde po- 
sition angutaire ; indexer en rotation lesdits bottlers 
supdrieur (30) et inf^rieur (56) Tun par rapport k 
Tautre, de telle sorts que ledit boTtier inf^rieur (56) 
toume jusqu'd ladite seconde position angutaire ; et 
exploiter le couple impost audit sous-ensemble 



d'orientation (21), lorsque ledit trypan (13) est ani- 
md d'une rotation au fond, par ledit moteur (14), 
pour assurer une rotation complete dudit boTtier su- 
pSrieur (30) jusqu*^ ladite seconde position. 

5 

13. Procddd selon la revendication 12, englot>ant une 
rSpdtition desdltes stapes d'indexage et d'exploita- 
tion pour faire en sorts que ledit boitier sup6rieur 
(30) toume, par rapport audit boTtier inf6rieur (56), 

10 jusqu'^ d'autres positions angulaires relatives, cha- 
cune desdrtes stapes d*indexage 6tant exdcutde en 
rdponse k une variation du ddbit de fluides pompds 
par ledit moteur (1 4), par I'intermddiaire dudit tuba- 
ge enrould (12). 

IS 

14. Proc^dd selon la revendication 13, comprenant les 
dtapes suppldmentaires consistant k mesurer des 
composantes de la gravity terrestre et de champs 
magn6tiques adjacents audit moteur (14); trans- 

20 mettre, k la surface, des signaux reprdsentatits 
d'une telle mesure ; et determiner, sur la base des- 
dits signaux, I'inclinaison et I'azimut du trou de fo- 
rage (10) et I'angle de la surface de coupe. 

2S 1 5. Proc6dd de percement d'un trou de forage directif . 
en utilisant un moteur (14) de fond de puits qui en- 
traine un trypan de forage (13), ledit moteur (14) 
prdsentant un boTtier coud^ (26) et dtant suspendu. 
dans ledit trou de forage (10), k un train de tubage 

30 enrould (12), ledit boTtier coudd (26) conf6rant un 
angle de pliage (0) qui ddfinit un point de pliage (B) 
et incite le trypan (13) k forer le long d'une trajec- 
totre courbe, le proc6d6 comprenant les 6tapes 
consistant k : pr^voir, au-dessus dudit moteur (14). 

35 un sous-ensemble d'orientation (21) muni d'616- 
ments de boitier (30. 56) pouvant toumer I'un par 
rapport k I'autre, un premier (30) desdits elements 
de bottler 6tant relid k I'extrdmitd inf drieure dudit tu- 
bage enrould (12), et I'autre (56) desdits didments 

40 de boTtier 4tant re\\6 k I'extrdmitd sup^rieure dudit 
moteur (14) ; indexer ledit sous-ensemble d'orien- 
tation (21) pour procurer une orientation angulaire 
choisie dudit premier 6l6ment de boTtier (30) par 
rapport audit autre 6l6ment de boTtier (56), et une 

4S orientation correspondante dudit point de pliage (B) 
autour du centre du trou de forage (10) ; et action- 
ner ledit nnoteur (14) tout en faisant agir. sur ledit 
trypan (13). une part sdlectlonn^e du poids dudit 
tubage enrould (12) qui impose un couple de rdac- 

so tion audit boTtier coudd (26), et applique une force 
latdrale audit trypan (13). 

16. Procddd selon la revendication 15. englobant P^ta- 
pe suppl6mentaire consistant k faire varier la part 
55 dudit poids agissant sur ledit trypan (13), d'une ma- 
ni^re impliquant une variation dans la grandeur du- 
dit couple de ruction. 
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17. Proc6d§ selon la revendication 15 ou la revendlca- 
tion 16, englobant I'^tape suppl6mentaire consls- 
tant d offectuer un indexage additionnet dudit sous- 
ensemble d'orientation (21) pour obtenir d'autres 
orientations angulaires choisies dudit point de plia- s 
ge (B), autour dudit centre dudit trou de forage (10), 
afin de provoquer diffdrents refoulements dudit try- 
pan (13). 

1 8. Proc6d6 selon Tune quelconque des revendications io 
15 d 17, dans lequel ladite 6tape d*indexage est 
ex^cutSe en rSduisant provisoirement, puis en ac- 
croissant !e d^bit de fluldes de forage pomp^s en 
partie basse dudit tubage enrould (12), et par Tin- 
term^diaire dudit moteur (1 4). is 

19. Proc6dd seton Tune quelconque des revendications 
15 ^ 18, comprenant les dtapes suppl6mentalres 
consistant ^ mesurer des composantes de la gravl- 

td terrestre et de champs magn6tiques dans le trou 20 
de forage (10), au voisinage direct dudit moteur 
(14) ; transmettre, d la surface, des signaux repr6- 
sentatifs de telles composantes ; et d^temiiner Fin- 
clinaison et I'azimut du trou de forage (10) sur la 
base desdits signaux. et i'angle de ia surface de 2S 
coupe. 
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